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Description 

[0001] The present invention relates to devices for synchronising an output signal with an input signal, and in par- 
ticular to devices which use interpolation or nnixing of two reference sources to generate the output. 

5 [0002] Phase locked loops (PLLs) are well known electronic devices and they function to provide an output oscillating 
signal which is phase locked with an incoming signal. In most PLL architectures, the output signal is generated by a 
voltage controlled oscillator (VCO) and this output is compared by a phase detector with the input signal. This produces 
an error signal representing the phase difference between the input and the output and this error is applied, typically 
via an appropriate filter, to alter the control voltage of the VCO. The oscillating frequency of the VCO is therefore altered 

10 until such time as the output is in phase with the input at which time no further error signal is generated and no further 
changes are made to the control voltage input to the VCO. 

[0003] PLLs are typically used where it is desired to generate a clean clock signal synchronised with an incoming 
signal. One particular application of PLLs is in data transmission systems, for instance communication devices where 
the transmitted signal is modulated based on a signal having a particular frequency and it is important to recover a 

15 corresponding clock signal at the receiver in order to demodulate the received signal. 

[0004] In a typical communication system there may be many PLLs in close proximity For instance there may be 
PLLs both in the transmit side of the system and in the receive side, and also in a multi-channel system there may be 
a PLL for each of the channels. If such arrangements are implemented on a single chip problems can occur due to 
interference between VCOs implemented in such close proximity. Also as data rates increase, the power consumption 

20 of the VCO required to generate a satisfactorily low-noise signal increases and this is compounded if more than one 
VCO is implemented in any particular device. 

[0005] It is further known that clock signals may be used in a number of parts of any specific electronic circuitry. In 
a physical implementation therefore clock signals are carried around a chip or circuit board arrangement by suitable 
conductive means so as to be transferred from the clock generator to the part of the circuitry dependent on the clock. 
25 [0006] The present invention provides, in a first aspect, apparatus for generating an oscillating output signal having 
a desired phase relationship with an input signal, comprising: 

mixing means arranged to receive first and second reference signals oscillating at a common frequency and having 
a phase offset between them, and to mix said first and second reference signals in variable proportions to generate 
30 said output signal; and 

comparing means arranged to compare the phase of said output signal with said input signal and to provide a 
comparison output signal indicative of whether the phase of said generated butput signal is in said desired phase 
relationship with said input signal; 

said mixing means being responsive to said comparison output signal to alter said proportions in which said first 
35 and second reference signals are mixed. 

[0007] In the preferred embodiment the first and second reference signals are in quadrature relationship with each 
other. In this arrangement good results are achieved when the mixing means is arranged to mix said first and second 
reference signals in proportions which vary sinusoidally with the required phase difference between the output and 

40 one of said first and second reference signals. 

[0008] In a particularly preferred implementation the mixing proportion for each of said reference signals is repre- 
sented by a pair of differential weight current signals. These can be used in an arrangement in which said mixing means 
comprises a plurality of differential amplifiers with each reference signal being applied to two of said differential ampli- 
fiers with opposite polarity and current in said two differential amplifiers being supplied respectively by the correspond- 

4S ing pair of differential weight current signals, the sum of the outputs of said differentia! amplifiers being used to provide 
said output signal. 

[0009] The present invention does not therefore require the presence of a voltage controlled oscillator or other clock 
source implemented as part of a PLL. Rather it depends on the availability of two or more externally generated reference 
signals, such as may be available elsewhere in the circuitry as mentioned above. 
so [001 0] In a stand-alone implementation of a PLL according to this invention, there is thus no requirement for a VCO, 
as the reference signals can be generated from any suitable oscillatory source. This potentially reduces the power 
requirements of the PLL. 

[0011] In an implementation in the context of a communication system as mentioned above, the receiver PLL may 
be according to this invention and may derive its reference signals from the VCO output in the transmitter side PLL. 
55 This removes the possibility of damaging interference between two VCOs on the same chip and also reduces the 
overall power requirement. Alternatively, both the transmitter and receiver PLLs may receive input clock reference 
signals from elsewhere. 

[0012] This invention is particularly suited to situations such as those referred to above in the communications field 
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where the frequency o1 the desired output is fairly accurately known as in this case the reference signals would be set 
to have approximately this frequency. However it is possible and potentially useful within the present invention to 
generate an output signal having a frequency different from the frequency of the reference signals, and therefore 
synchronise with an input signal of a different frequency. 

5 [001 3] The comparison between the input and the output signal in the invention is broadly the same as the prior art, 
that is a signal is generated according to phase comparison between the input and the output signals. In the invention 
this is used to derive and constantly correct the weightings used in the mixing of the reference signals. 
[001 4J In alternative arrangements, the two references may be arranged non -orthogonal, in which case the relation- 
ships between the derived phase relationships and the weighting values is different but can be easily derived. Also it 

10 is possible to use three or more references at equal or non-equal phase spacings with appropriate weighting values. 
[001 5] In another aspect the present invention provides apparatus for generating an output pair of quadrature related 
signals oscillating at a common frequency, having input thereto an input pair ot signals oscillating at. said frequency 
and having a phase difference therebetween, comprising: 

15 summing means arranged to sum said two input signals to generate a first signal; 

difference means arranged to subtract one of said input signals from the other to generate a second signal; and 
output means arranged to generate said output signals from said first and second signals. 

[0016] Preferably the input signals have a common magnitude, and the magnitudes of said first and second signals 
20 are simply equalised in order to provides said output signals. 

[0017] The quadrature related signals are advantageously used as the reference signals in the PLL, and as will be 
explained in more detail below a multi-channel communications arrangement can be easily implemented with only one 
source of clock signals and means arranged to regenerate the quadrature relationship between the clock signals at 
appropriate points. 

25 [0018] This invention will be better understood from the following description of preferred embodiments which is 
given by way of example and with reference to the accompanying drawings in which: 

Figure 1 is a schematic drawing of a prior art PLL; 

Figure 2 is a general illustration of the operation of the present invention; 
30 Figure 3a and 3b illustrate a preferred relationship between the weighting signals and the reference signals in the 

preferred embodiments of the invention; 

Figure 4 illustrates a first embodiment of the present invention; 

Figure 5 is an example implementation of the phase interpolator of Figure 4; 

Figure 6 is a schematic diagram of an embodiment of the digital filter of Figure 4; 
35 Figure 7 illustrates a second preferred embodiment of the present invention; 

Figure 8 illustrates the phase interpolator in the embodiment of Figure 7; 

Figure 9 illustrates the phase mixer in the embodiment of Figure 8; 

Figure 10 illustrates the current source block in the embodiment of Figure 8; 

Figure 11 illustrates a first coding scheme representing the phase steps in the embodiment of Figure 7; 
"^0 Figure 12 illustrates a second coding scheme representing the phase steps in the embodiment of Figure 7; 

Figure 1 3 illustrates the operation of an alternative current weighting control arrangement; 
Figure 14 illustrates the principle of operation of a further aspect of the present invention; 
Figure 15 illustrates an implementation ot the principles illustrated in Figure 14; and 
Figure 16 illustrates a further exemplary embodiment of the invention. 

45 

[0019] In broad terms, the invention is apparatus for producing an oscillating signal in a predetermined phase rela- 
tionship with an input signal which generates its output signal by mixing in variable proportions two or more reference 
oscillating signals. Preferably the reference signals should be in quadrature relationship and have approximately the 
same frequency as the desired output, but this is not essential. The output signal may be desired to be in phase with 

50 the input signal or to have a predetermined phase offset. In a further aspect, apparatus is described which generates 
quadrature related clock signals, which may be used as the reference signals in the phase-lock arrangement. 
[0020] Figure 1 illustrates in schematic form a schematic diagram of a prior art PLL the operation of which is useful 
to understand for the understanding of the present invention. The PLL illustration in Figure 1 comprises a voltage 
controlled oscillator (VCO) 10 which has a control voltage applied to it and which outputs a clock signal 12. As is well 

55 known the frequency of the output 12 is a function of the magnitude of the control voltage enabling the frequency of 
output 1 2 to be controlled by varying the control voltage. The PLL has input to it a signal 1 4, for instance a data signal 
based on a remotely derived clock signal, and it is desired that clock signal 1 2 should be synchronised with input signal 
14. These two signals are compared by phase detector 16 which compares the phases of the two signals in order to 
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generate a signal 18 according to the phase difference between signals 12 and 14. In particular, signal 18 indicates 
whether the frequency of output signal 12 needs to increase or decrease in order to bring signals 12 and 14 more in 
phase with each other Finally, the illustrated PLL comprises filter 19 (which may essentially be integrating signal 18) 
which provides the control voltage for VCO 10 such that the control voltage increases and decreases according to 
5 signal 18. 

[0021] A PLL is therefore essentially a closed loop control system which compares the input and the output and 
controls the generation of the output according to the result of that comparison. 

[0022] Figure 2 illustrates in general terms the operation of the preferred embodiments of the present invention. The 
same reference numerals as were used in Figure 1 are used in Figure 2 for corresponding components. 

10 [0023] The device in Figure 2 has input thereto signal 14 and it is arranged to generate output signal 12 which is 
intended to have a particular phase relationship with the input signal 14. In the following description it will be assumed 
that signal 1 2 is intended to be in phase with input signal 14, but it will be apparent that simple alterations can be made 
to the parameters of operation to achieve any desired phase relationship. In the same way as in Figure 1 signals 12 
and 14 are compared in phase detector 16 which provides output 18 indicating whether the frequency of signal 12 

15 needs to be increased or decreased to bring it more in phase with signal 14. 

[0024] In Figure 2 however signal 12 is not generated as the output of a voltage control oscillator. Rather, it is the 
output of the mixing means 20. Mixing means 20 has input to it two reference signals or clock sources CLK1 and CLK2. 
Signals CLK1 and CLK2 have the same frequencies as each other but are out of phase, and in the particularly preferred 
embodiment these two signals are 90° out of phase as illustrated in the phasor diagram in Figure 3a. f^^ixing means 

20 20 mixes signals CLK1 and CLK2 in variable proportions in accordance with output 1 8 from phase detector 1 6 in order 
to generate output 12. The proportions in which the signals CLK1 and CLK2 are mixed together vary.sinusoidally 
between -1 and +1 as described in more detail below in order that output signal 12 may have any phase relationship 
with the reference clock signals. 

[0025] In particular in Figure 3a the generation of an output signal 150** out of phase with reference CLK1 is illustrated 
25 by way of example and it is shown that in order to generate this signal it is necessary to mix reference signals CLK1 
and CLK2 in the proportions -0.866 to 0.5. In general, in order to generate a signal having a phase difference P as 
compared to CLK1 it is necessary to mix reference signals CLK1 and CLK2 in the proportions cos P to sin P. 
[0026] This is illustrated in Figure 3b where the weighting given to reference signal CLK1 is designated W1 and that 
given to signal CLK2 is designated W2. Figure 3b illustrates the values taken by W1 and W2 in order to generate 
30 various phase differences P as compared to reference signal CLK1 , with 150° again shown as an example. 

[0027] One implementation of this embodiment is in the context of communication systems, and in particular in the 
receive side. In such a context, the reference signals CLK1 and CLK2 may be derived from signals generated in the 
transmit side VCO, but the reference signals may be derived from any suitable source. 

[0028] Figure 4 illustrates one embodiment in which the above sin and cos values are determined using look-up 
35 tables. In this embodiment, mixing means 20 comprises digital filter 1 22 which generates value P according to signal 
18 output by phase detector 16. In this figure the reference clock signals are designated and (J>2 and are illustrated, 
by way of example as being received from a VCO forming part of another PLL. Any other suitable source of clock 
signals could however be utilised. Value P represents the desired phase difference between reference signal 01 and 
output signal 12 in order to keep signal 12 in synchronisation with input signal 14. Once synchronisation has been 
40 achieved, signal 18 will not indicate that any increase or decrease in frequency is required to bring the signals into 
phase, and therefore in such a state digital filter 122 outputs a constant value of P to maintain the established phase 
. relationships. (A slightly different situation occurs if the input signal has a different frequency to the reference signals 
as discussed below). 

[0029] As mentioned above, in general terms the desired value of W1 is cos P and the desired value of W2 is sin P 
45 In this embodiment there are therefore provided two look up tables 124a and 124b to which P is applied and which 
output, in digital form, the cosine and sine of P respectively These signals are passed through digital to analogue 
converters 1 26a and 126b respectively in order to provide analogue signals W1 and W2 for input to phase interpolator 
120. Phase interpolator 120 mixes (t>1 and({>2 in the proportions determined by W1 and W2 to generate output signal 12. 
[0030] Thus it is the case that output signal 12 can be locked to be in phase with input signal 14 whatever the phase 
50 relationship between input signal 14 and the reference signals (fri and <^2. 

[0031] Figure 5 illustrates one possible implementation of phase interpolator 120 based on differential MOS circuit 
techniques in which each signal in Figure 4 is illustrated by two signals in Figure 5 having corresponding names with 
a and b suffixes. The implementation illustrated in Figure 5 enables W1 and W2 to vary over the complete range -1 to 
+1 enabling phase interpolator 120 to fully implement the functions discussed above. 
55 . [0032] Digital filter 1 22 illustrated in Figure 4 may simply be an up/down counter. This would count up or down 
according to the polarity of input signal 18 until the desired value of P is being output at which time signal 18 would go 
to 0 and the value of P would remain constant at its desired locked value. The counter should be arranged to wrap 
around, when incrementing above the maximum count or decrementing below 0 in order to provide a fully functional 
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device. 

[0033] The above discussion has been based on the assunnptlon that the reference signals are operating at the same 

frequency as the input signal and therefore have the same frequency as the desired frequency of signal 12, 

[0034] The circuit illustrated In Figure 4 will however also operate in the situation where the frequency of signal 14 

5 and therefore the desired frequency of signal 12 is different from the frequency of the reference signals <t)1 and i^2. 
Such a situation is equivalent to a situation where the phase difference between signal 14 and reference signal (t>1 is 
constantly changing and therefore the value of P must also be constantly changing. This would be achieved in Figure 
4 with no further alternations to the circuit because the 'steady state" condition of the circuit would be where signal 18 
was constantly indicating a phase difference causing the value of P to change in synchronism with the constantly 

10 changing phase difference between signal 14 and reference signal <^^. 

[0035] This function could be achieved using the simple counter for digital fitter 1 22 mentioned above and this would 
work satisfactorily for input signals 14 which are constantly providing signal transitions by way of which the phase can 
be compared by phase detector 16. 

[0036] However, in a situation where the input data has a low transition density that is the input signal may effectively 
IS be inactive for lengthy periods of time, the loop will have difficulty tracking the required phase and would have to make 
significant changes in the phase of output signal 12 each time a burst of activity occurred. Figure 6 illustrates an 
alternative implementation of digital filter 122 which overcomes this problem. 

[0037] Digital filter 1 22 as illustrated in Figure 6 comprises a counter 50. a multiplier 52 and an accumulator 54. The 
signal 18 indicating whether the phase of output signal 12 needs to be increased or decreased in order to achieve 

20 synchronism is input both to counter 50 and to accumulator 54. Counter 50 counts up or down according to the value 
of signal 18 to produce signal F which is multiplied by a constant K in multiplier 52 and is also input to accumulator 54. 
Accumulator 54 generates a new output value of P by adding, to the existing value of P, the two inputs it receives. 
[0038] Counter 50 in this implementation effectively integrates the increment/ decrement pulses of signal 18 so as 
to produce the value F. Value F therefore represents the frequency offset between the frequency of the reference 

25 signals and desired frequency for signal 1 2. As mentioned above, this frequency difference is equivalent to a constantly 
changing phase difference and therefore this can be accounted for by constantly changing the value of P to track this 
phase difference. The effect of constant K of multiplier 52 and the addition of the multiplied signal into accumulator 54 
is to cause signal P to track at the necessary rate of change of phase so as to synchronise with the different frequency 
signal. 

30 [0039] When the loop is locked to the incoming signal, signal 1 8 will be effectively 0 as there will be no phase difference 
between the input and the output. In this condition, the steady state is for the value of F X K to be added on each cycle 
to value P by accumulator 54 to cause the necessary ongoing phase changes to keep the system in synchronism. This 
will continue even when there is inactivity in the input signal so that, ideally, the system is still synchronised at the time 
of the next burst. In any event, the level of phase correction required at the beginning of the next burst will be reduced. 

35 [0040] The signal 1 8 is also input directly to accumulator 54 so that when the system is not in the locked condition 
it will lock in properly and provide a stable system. 

[0041] Figure 7 illustrates a particularly preferred implementation of the invention, the details of which are illustrated 
in the succeeding figures. It will be seen that the principles behind the implementation are similar to those outlined 
above, but the actual circuits used are different and, in certain circumstances, more practical. 

40 [0042] In the emtxxiiment of Fig. 7, mixing means 20 comprises a digital control means 210 and phase interpolator 
220, and the embodiment is described in terms of clock memory based on a serial data input. 
[0043] As with the embodiment described above, a standard phase detector circuit 16 is used to compare the posi- 
tions of the edges in the serial data input 14 with the phase of the data recovery clock 12. This produces phase incre- 
ment/decrement control signals which are fed into digital logic block 210 which generates a control word representing 

-^5 the required phase of the data recovery clock. The digital phase select value is then applied to the phase interpolator 
220 which uses an analogue mixer to derive the required data recovery clock phase from the two reference clock 
phases. 

[0044] An optional reference regeneration circuit may be included to restore the quadrature phase relationship be- 
tween the reference clock phases, thus allowing the effects of skew due to distribution of the clocks to be reduced. 

50 Details of this regeneration circuit are set out below. 

[0045] Broadly, as illustrated in Figure 8 the phase interpolator 220 in this embodiment is formed of an analogue 
phase mixer 222 and a digitally controlled current source block 226. The current source block 226 provides current 
signals to the phase mixer 222 to provide, as discussed in more detail below, the weightings in which the reference 
signals CLK1 and CLK2 should be mixed. 

55 [0046] A schematic illustration of an implementation of the phase mixer 222 based on differential techniques, in which 
each signal is represented by a pair of signal lines, is shown in Figure 9. The required weightings for the reference 
signals are provided by the current source block 226 as currents I1+, I1-, I2+, 12- which appear as current sources in 
Figure 9. The circuit of Figure 9 sums the reference clock signals according to the weights of their control currents to 
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generate a Sum signal represented by the differential voltage developed across load resistors R1 and R2. 
[0047] The load capacitances (C1 and C2) are optional and may be included to filter out harmonics of the clock 
signals to reduce distortion of the Sum signal. The described operation assumes the use of sinusoidal reference clock 
signals. However, square clocks may also be used but require filtering either by CI and C2, and/or by the intrinsic 

5 bandwidth limit of the phase summing circuit. 

[0048] Phase mixer 222 comprises four differential amplifiers 91a, 91b, 92a, 92b each of which includes two tran- 
sistors as illustrated in a conventional fashion. Reference clock CLK1 is applied as shown to amplifiers 91a and 91b 
with opposite polarities. The provision of two amplifiers connected with opposite polarities means that one acts to add 
the reference clock to the Sum signal, while the other subtracts it. The current sources I1+, II- control the relative 

10 extents to which the amplifiers add and subtract the reference signal, and thus the current pair 11 + and II - constitute 
a differential current weighting representing W1 in Figure 3 above enabling W1 to be adjusted from +1 to -1 . 
[0049] The values of 1 1 + and 1 1 - are set by current source block 226 which keeps the total 1^^^ = (1 1 +) + (1 1 -) constant. 
The value of W1 is therefore represented by appropriate selection of 11+ and I1-. In particular, 

15 

'A (W1 + 1) and 1^' = '/^ (1 - W1) 

'tot 'tot 

which means that, for instance when: 

20 

W1 =+1 :I1 =ltoi;l1 = 0 
W1 =-1 :11 =0; II- + 1,0, 
Wl = 0: 11+ = 11- = 1,^2. 

25 [0050] Current source pair I2+, 12- are similarly varied between 0 and l^ot in order to represent the value of W2 
between +1 and -1 and these are associated with amplifiers 92a, 92b to which the reference clock CLK2 is applied 
with opposite polarities. 

[0051] In summary then, by varying the weight currents 11 +, I1-, I2+, 12- the weightings Wl, W2 for the reference 
clocks CLK1, CLK2 can be varied as discussed above in relation to Figure 3 such that the phase of the Sum signal 

30 can be varied over a whole cycle. 

[0052] Finally, the Sum signal is buffered using a second differential amplifier stage 94 to "square up" the signal and 
remove any amplitude variation resulting from the phase mixing operation to generate the second clock signal 12. 
[0053] The differential weighting currents 1 1 +, 1 1 -, 12+, 12- are generated by block 226 by digitally controlling a set of 
switched current sources, which will be described in detail later. From the above discussion it will be understood that 

35 any one desired phase difference from, say, reference CLK1 defines a pair of values Wl , W2 and accordingly a set of 
11+, II I2+, I2-. The particular phase required is indicated to block 226 by the digital control word output by digital 
control means 210 as the phase select signal. 

[0054] In this embodiment, in order to simplify the generation of the current weightings the digital control value is 
encoded using a Johnson (twisted-ring) counter type code. This uses an N-bit word, PS[1:N], (where N is an even 
40 integer) to define 2N possible code values which are used to designate 2N available phase steps which may be output 
by the interpolator. 

[0055] The value of N therefore effectively detemnines the phase resolution of the clock alignment circuitry: since 
there are 2N phase steps over one complete cycle {2n radians), the phase resolution is ji/N radians. The value of N 
is therefore chosen to trade off phase resolution with complexity. The described embodiment assumes a value of N=6, 
thus providing a phase alignment resolution of 1/1 2th of a cycle (ie. 30"). The 12 possible code values for a 6-bit 
implementation of the phase select are as follows: 



Step 


PS[1:6] 


Step 


PS[1:6] 


0 


111111 


6 


000000 


1 


011111 


7 


100000 


2 


001111 


8 


110000 


3 


000111 


9 


111000 


4 


000011 


10 


111100 


5 


000001 


11 


111110 



[0056] Figure 10 illustrates the implementation of current source block 226 which, as shown, comprises a plurality 
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of current sources providing currents twi - 'we ^^^^ having a pair of transistors associated with it to which inverted 
and non-inverted versions of the bits of the code value are applied respectively as shown. As shown in Figure 10, the 
same selection of current values is used to generate both M+, II -and 12+, I2-. As shown, two separate sets of matching 
current sources are provided, one for each of 11+, 11 - and I2+, I2-. However, it may be possible to use one set of current 

5 sources together with appropriate timing and switching circuitry to generate alternately II +, II- and I2+, I2-. 

[0057] An advantage of using this coding scheme is that the weighting controls for the two different phases can be 
derived from the same set of control lines: for W2 the control word needs to be rotated by N/2 bits, inverting the bits 
that are wrapped around. This can effectively be achieved simply by swapping over the control lines of the differential 
current switches as illustrated in Figure 10. 

10 [0058] In a simple arrangement, each of 1^1 1 we have the same magnitude in such an arrangement twelve 

different phase outputs for the twelve phase steps would be generated as illustrated in Figure 11, which illustrates the 
equivalent values of W1 and W2 which would be obtained and the corresponding phase diagram. This is also repre- 
sented in the following table. 



15 



25 



Phase Step 


PS[1:6] 


W1 


W2 


Sum Phase 


0 


111111 


+1.00 


0.00 


0 


1 


011111 


+0.67 


+0.33 


27 


2 


001111 


+0.33 


+0.67 


63 


3 


000111 


0.00 


+1.00 


90 


4 


000011 


-0.33 


+0.67 


117 


5 


000001 


-0.67 


+0.33 


153 


6 


000000 


-1.00 


0.00 


180 


7 


100000 


-0.67 


-0.33 


207 


8 


110000 


-0.33 


-0.67 


243 


9 


111000 


0.00 


-1.00 


270 


10 


111100 


+0.33 


-0.67 


297 


11 


111110 


+0.67 


-0.33 


333 



30 

[0059] It will be seen that this provides variations in the phase step size around the cycle. This may not present 
problems in some circumstances, but a constant step size providing optimum phase resolution can be obtained by 
setting the current weightings according to the following: 

lyy^ = ltot/2* [(Cos ((m-1 ) 7t/N) - Cos (mTi/N)] 

where m=1..N e.g. for N = 6 l^i = 0.067 Itot 

40 Ivv2- 0.183 Itot 

1^3 - 0.250 Itot 
1^4 = 0.250 Itot 
Ivv5 = 0.183 Itot 
1^6 = 0.067 Itot 

45 

[0060] This arrangement provides sinusoidal variations in the equivalent values of W1 and W2 and even phase step 
size as illustrated in Figure 12, which corresponds to Figure 11 in format, and as represented in the following table. 



so 



Phase Step 


PS[1:6] 


W1 


W2 


Sum Phase 


0 


111111 


+1.00 


0.00 


0 


1 


011111 


+0.87 


+0.50 


30 


2 


001111 


+0.50 


+0.87" 


60 


3 


000111 


0.00 


+1.00 


90 


4 


000011 


-0.50 


+0.87 


120 


5 


000001 


-0.87 


+0.50 


150 


6 


000000 


-1.00 


0.00 


180 
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(continued) 



5 



Phase Step 


PS[1:6] 


W1 


W2 


Sum Phase 


7 


100000 


-0.87 


-0.50 


210 


8 


110000 


-0.50 


-0.87 


240 


9 


111000 


0.00 


-1.00 


270 


10 


111100 


+0.50 


-0.87 


300 


11 


111110 


+0.87 


-0.50 


330 



10 

[0061] This sinusoidal current weighting is more advantageous for targe values of N, ie. where a fine clock phase 
resolution is required. However, for example, if N=4 (ie. 1/8 cycle resolution) the performance of the triangular and 
sinusoidal weighting schemes are virtually equivalent. 

[0062] if performance offered by the triangular current weighting schemes is sufficient, the current control can be 
IS implemented using an alternative arrangement illustrated in Figure 13 and represented by the following table. 
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Phase Step 


CI [1:4] 


C2[1:41 


C3[1:4] 


11+ 


12+ 


11- 


12- 


W1 


W2 


Sum Phase 


0 


1000 


1000 


1000 


3 


0 


0 


0 


+1.00 


0.00 


0 


1 


0100 


1000 


1000 


2 


1 


0 


0 


+0.67 


+0.33 


27 


2 


0100 


0100 


1000 


1 


2 


0 


0 


+0.33 


+0.67 


63 


3 


0100 


0100 


0100 


0 


3 


0 


0 


0.00 


+ 1.00 


90 


4 


0010 


0100 


0100 


0 


2 


1 


0 


-0.33 


+0.67 




5 


0010 


0010 


0100 


0 


1 


2 


0 


-0.67 


+0.33 


153 
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0010 


0010 


0010 


0 


0 


3 


0 


-1.0O 


0.00 


180 
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0010 


0 


0 


2 


1 


-0.67 


-0.33 


207 
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0001 


0001 


0010 


0 


0 


1 


2 


-0.33 


-0.67 


243 


9 


1000 


0001 


0001 


0 


0 


0 


3 


0.00 


-1.00 


270 


10 


1000 


0001 


. 0001 


1 


0 


0 


2 


+0.33 


-0.67 


297 


11 


1000 


1000 


0001 


2 


0 


0 


1 


+0.67 


-0.33 


333 



[0063] This is based on the use of a set of 4:1 current switches to switch equally-weighted current sources l^, I2, 13 
onto one of the 4 differential amplifier control currents. This scheme uses only half the number of current sources as 
35 the previous arrangement, and a different coding scheme, The number of current sources/switches again determines 
the resolution of the clock steps. For example, if M current sources are used, each with a 4:1 current switch, this 
provides 4M phase steps across one cycle (but also requires 4M control lines). The example shown in Figure 8 uses 
3 current sources to provide a 1/12 cycle resolution. 

[0064] In the description of the embodiments above, it is assumed that the two reference clocks are in quadrature, 

4Q ie, separated in phase by n/2 radians (90**). While it is possible to design the overall circuit to use reference clocks 
having a different phase separation, this increases the complexity of the calculation and the circuitry required to set 
the weighting values for the mixing means. In any event it will always be important to know the phase separation 
between the reference clocks when determining the weighting values to ensure proper functioning of the circuit. 
[0065] The invention therefore further provides an arrangement which outputs a pair of reference signals known to 

45 have a phase separation of n/2 from a pair of signals known to have some phase separation, but which phase separation 
is not known exactly. Such an arrangement is advantageous in situations where for example the clock signals are 
distributed across a chip or circuit board. In such a situation it is possible that some differences in delay may occur 
between the clocks due to track length or loading, thus altering the phase relationship between the clocks from that 
which is expected and therefore degrading operation of the circuit. 

so [0066] The principle of operation is illustrated in Fig. 14 which is a phasor diagram in which Ref 1 and Ref 2 are 
received reference clocks. From Ref 1 and Ref 2 are generated sum and difference signals of Ref 1 and Ref 2. It will 
be appreciated that, if Ref 1 and Ref 2 have the same magnitude then the phase separation between the sum and 
difference signals is ti/2. Once the magnitudes of the sum and difference signals are equalised therefore, these signals 
are known to have fixed phase separation and can be used in the embodiments described above. 

55 [0067] Figure 15 illustrates a preferred implementation of this clock phase regeneration arrangement, and it will be 
seen that this circuit Is similar to the phase mixer described above. 

[0068] The upper part of Figure 1 5 generates the sum signal and comprises two differential circuits 1 55 to which Ref 
1 and Ref 2 are applied as shown and which each have a current source I associated with it. The balanced current 
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sources provide equal weightings to Ref 1 and Re! 2 and the sum signal is generated across loading resistors R151 
and optional loading capacitors CI 52. 

[0069] The lower part of Figure 1 5 correspondingly generates the difference signal, and correspondingly connprises 
differential circuits 1 56, current sources I, loading resistors R153 and optional loading capacitors CI 54. The difference 
5 signal is generated by the reversal of the connection of Ref 1 and can be seen from a comparison between the upper 
and lower parts of Figure 15, 

[0070] Also, an output buffer stage is provided for each of the sum and difference signals after which the signals 
CLK1 and CLK2 are output for use in the embodiments described above. 

[0071] In principle, this technique could be used to distribute a pair of clocks over an unlimited distance with no 
10 accumulated error in their phase difference. Clock regeneration circuits as described above would be provided along 
the clock path functioning as repeaters. 

[0072] In the context of the clock recovery from data signals as described in the embodiments above, this may be 
particularly useful in situations where multiple channels of data are being received. In such an arrangement, this pair 
of clock signals could simply be passed from one channel to the next with phase regeneration being performed as 

15 necessary to ensure that quadrature reference signals are available for each channel. 

[0073] Such an arrangement is schematrcally illustrated in Figure 16 in which clock signals are recovered from re- 
ceived data channels Din. 1 , Din. 2 Din.n. For this purpose, a pair of reference clocks Ref 1 , Ref 2 are provided from 

an external source. For each channel a clock recovery circuit 160^, IGOg, 160^ is provided and Ref 1 and Ref 2 
are applied to circuit 160^. Each of circuits 160 corresponds to a clock recovery circuit for instance according to one 

20 of the embodiments described in detail above and further includes a clock phase regeneration circuit 162. 

[0074] Reference clocks Ret 1 , Ref2 are applied to channel 1 when circuit 162^ regenerates their phase relationship 
and the resulting signals are used to recover clock DRCLK1 and are also passed to channel 2. Correspondingly circuit 
1622 regenerates the phase relationship for recovery of clock DRCLK2 and handing on to channel 3. Depending on 
the physical layout of the circuitry it may not be necessary to regenerate the phase at every step, but providing regen- 

25 eration as necessary results in a simple overall arrangement then local generation of the clock references for each 
channel. 

[0075] This phase regeneration arrangement is also applicable to other circumstances in which quadrature related 
clock signals are required. 

30 

Claims 

1. Apparatus for generating an oscillating output signal having a desired phase relationship with an input signal, 
comprising: 

35 

mixing means arranged to receive first and second reference signals oscillating at a common frequency and 
having a phase offset between them, and to mix said first and second reference signals in variable proportions 
to generate said output signal; and 

comparing means arranged to compare the phase of said output signal with said input signal and to provide 
40 a comparison output signal indicative of whether the phase of said generated output signal is in said desired 

phase relationship with said input signal; 

said mixing means being responsive to said comparison output signal to alter said proportions in which said 
first and second reference signals are mixed. 

45 2. Apparatus according to claim 1 in which said first and second reference signals are in quadrature relationship with 
each other. 

3. Apparatus according to claim 2 in which said mixing means is arranged to mix said first and second reference 
signals in proportions which vary sinusoidally with the required phase difference between the output and one of 

so said first and second reference signals. 

4. Apparatus according to claim 3 in which the mixing proportion for each of said reference signals is represented 
by a pair of differential weight current signals. 

55 5. Apparatus according to claim 4 in which said mixing means comprises a plurality of differential amplifiers with each 
reference signal being applied to two of said differential amplifiers with opposite polarity and current in said two 
differential amplifiers being supplied respectively by the corresponding pair of differential weight current signals, 
the sum of the outputs of said differential amplifiers being used to provide said output signal. 
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6. Apparatus according to any of clainns 1 -5 in which said nnixing means connprises means arranged to output a signal 
indicative ot the desired phase relationship between said output signal and one of said reference signals. 

7. Apparatus according to claim 4 or 5 in which said mixing means comprises means arranged to output a multi-bit 
signal indicative of the desired phase relationship between said output signal and one of said reference signals, 
and current mixing means comprising a plurality of current sources, the outputs of which are selectively added 
together according to the values of bits in said multi-bit signal to output said differential weight current signals. 

8. Apparatus according to claim 7 in which said plurality of current sources are all ot the same current value. 

9. Apparatus according to claim 7 in which the current values of said current sources differ from each other to facilitate 
the generation of differential weight current signals representing mixing proporlbns for said reference signals which 
result in evenly phase spaced output signals. 

1 0. Apparatus according to any of claims 1 -3 in which said mixing means comprises means arranged to output a signal 
indicative of the desired phase relationship between said output signal and one of said reference signals, and look- 
up table means arranged to derive from said signal said mixing proportions. 

11. Apparatus according to claim 10 in which said look-up table means comprise sine and cosine tables. 

12. Apparatus for generating an output pair of quadrature related signals oscillating at a common frequency, having 
input thereto an input pair of signals oscillating at said frequency and having a phase difference therebetween, 
comprising: 

summing means arranged to sum said two input signals to generate a first signal; 

difference means arranged to subtract one of said input signals from the other to generate a second signal; and 
output means arranged to generate said output signals from said first and.second signals. 

13. Apparatus according to claim 12 in which said input signals have a common magnitude. 

14. Apparatus according to claim 12 or 13 in which said output means provides said first and second signals as said 
output signals. 

15. Apparatus according to claim 12 or 13 in which said output means comprises means arranged to equalise the 
magnitudes of said first and second signals in order to provide said output signals. 

16. Apparatus according to any of claims 12 - 15 in which each of said summing and difference means comprises a 
pair of differential amplifiers having current therein supplied by balances current sources, and each of said input 
signals being applied to a respective one of said amplifiers with appropriate polarity the outputs of said drfferential 
amplifiers being combined to provide said first or second signal. 

17. Apparatus according to any of claims 1 to 11, further comprising apparatus according to any one of claims 12 to 
16 in which said output pair of quadrature related signals are utilised as said first and second reference signals. 

18. Electronic circuitry comprising conductive means carrying differential clock signals, and further comprising appa- 
ratus according to any of claims 12 to 16 arranged to regenerate a quadrature phase relationship between said 
differential clock signals. 
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Equivalent runction:- 
if(Inc){P=P+KF+l;F=F+l} 
if{D«c){P = P4-KF'l;F=:F-l} 
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